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Evidence that fatal human infections with La Crosse virus may
be associated with a narrow range of genotypes
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Abstract

La Crosse (LAC) virus belongs to the California (CAL) serogroup of the genus Bunya6irus, family Bunya6iridae.
It is considered one of the most important mosquito-borne pathogens in North America, especially in the upper
Mid-West, where it is associated with encephalitis during the time of year when mosquitoes are active. Infections
occur most frequently in children and young adults and, while most cases are resolved after a period of intense illness,
a small fraction (B1%) are fatal. At present there have only been three isolates of LAC virus from humans, all made
from brain tissue postmortem. The cases yielding viruses are separated chronologically by 33 years and geographically
from Minnesota/Wisconsin (1960, 1978) to Missouri (1993). The M RNA sequence of the first two isolates was
previously reported. The present study extends the observations to the isolate from the 1993 case and includes several
mosquito isolates as well. A comparison of the M RNAs of these viruses shows that for the human isolates both
nucleotide sequence and the deduced amino-acid sequence of the encoded proteins are highly conserved, showing a
maximum variation of only 0.91% and 0.69%, respectively. This high degree of conservation over time and space leads
to the hypothesis that human infections with this particular genotype of LAC virus are those most likely to have a
fatal outcome. It is also shown that a virus with this genotype could be found circulating in mosquitoes in an area
more or less intermediate between the locations of the first and second fatal cases. © 1997 Elsevier Science B.V.
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The history, epidemiology, and molecular biol-
ogy of the CAL serogroup viruses have been
reviewed in depth (Calisher, 1983; Elliott, 1996).
Briefly, the virion contains four structural
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Table 1
Summary of LAC virus isolates used in our studies

Passage historya Accession no.Virus isolate Source Location and date of origin Reference

SMB3; BHK3 U18979LAC30928-31 Homo sapiens Huang et al. (1995)Dresbach, MN, 1960b

U18980 Huang et al. (1995)SMB2; BHK2De Soto, WI, 1978LAC22988-89 Homo sapiens
Stone County, MO, 1993 Vero1 U70205LACR56869 This paperHomo sapiens

This paperU70206SMB2; BHK1Richland County, WI, 1976LAC76-40 Ae. triseriatus
U70207 This paperLAC79-283 Ae. triseriatus Crawford County, WI, 1979 SMB2; BHK1
U70208 This paperLAC81-4 Ae. triseriatus Washington County, WI, 1981 SMB2; BHK1

SMB4; BHK4 D10370LAC74-32813 Ae. triseriatus Grady et al. (1987)Albany County, NY, 1974

a SMB, suckling mouse brain; BHK, baby hamster kidney cells; Vero, Vero cells
b Site of human infection. The transport for medical care accounts for the isolation of the virus in La Crosse, Wisconsin.

proteins: two external glycoproteins (G1 and G2),
a nucleocapsid (N) protein, and a large (L)
protein (Obijeski et al., 1976a; Gentsch and
Bishop, 1978, 1979; Cash et al., 1979; Fuller and
Bishop, 1982; Fuller et al., 1983). The viral
genome consists of three single-stranded, nega-
tive-sense RNA segments: L (large); M (middle),
and S (small) (Obijeski et al., 1976b). The L RNA
encodes the viral RNA-directed RNA polymerase,
the S RNA codes for the nucleocapsid (N) protein
and a non-structural protein (NSS), and the M
RNA encodes the two envelope glycoproteins (G2
and G1) and a non-structural protein (NSM) with
unknown function (Endres et al., 1989; Gentsch
and Bishop, 1978; Cash et al., 1979; Fuller and
Bishop, 1982; Fuller et al., 1983; Elliott, 1985;
Gentsch and Bishop, 1979; Fazakerly et al., 1988).
Although these viruses were first described in
1952, their importance in human CNS infections
only began to be fully appreciated following the
isolation of LAC virus in 1960 (Hammon and
Reeves, 1952; Thompson et al., 1965).

The importance of the M RNA in pathogenic-
ity of these viruses was established in studies
employing reassortant viruses (Shope et al., 1981).
It was later shown that neuropathogenicity was
polygenic, with neuroinvasiveness being ascribed
to the M RNA and neurovirulence being mapped
to the L RNA (Gonzalez-Scarano et al., 1992).

The initial observation of genetic similarity be-
tween the first two human isolates was based on a
comparison of their RNase T1 fingerprints (Kli-
mas et al., 1981). This has since been confirmed
by sequencing their M RNAs and extended to
include the deduced amino-acid sequence of their

G1 and G2 glycoproteins (Huang et al., 1995).
However, while separated in time by 18 years,
both of these viruses came from the same general
area and there was no basis for evaluating the
contribution that geographic proximity might
make to their genetic similarity. This is an impor-
tant consideration since the RNase T1 fingerprint-
ing studies showed significant variation among
independent mosquito isolates of LAC virus that
seemed, at least partly, to be influenced by the
location of origin (El Said et al., 1979; Klimas et
al., 1981).

In 1993, Karabatsos recovered LAC virus from
a fatal case of encephalitis that occurred that year
in Missouri. This provided a unique opportunity
to obtain sequence data on a third human isolate
of the virus that was separated both spatially and
in time from those studied previously (by approx-
imately 400 miles and by 33 and 15 years). As
part of the study, data were also obtained for
several Wisconsin mosquito isolates of LAC virus.
This report summarizes the results of that investi-
gation.

The geographical location, year of isolation,
source of origin, and passage history of the LAC
isolates used are listed in Table 1. Except for the
third human isolate, LACR56869, BHK-21 cells
were used to prepare stock virus as described
previously (Campbell and Huang, 1995). For
LACR56869, viral sequences were amplified,
cloned, and sequenced directly from the material
received from Fort Collins, i.e. the virus was
never grown in the laboratory where the sequence
analysis was performed. Total RNA was extracted
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from 20 m l of stock virus using Ultraspec RNA
(Biotecx Laboratories) and random hexamers
(BMB) were used to transcribe RNA to cDNA as
previously described (Campbell and Huang,
1995). An aliquot of the cDNA reaction mixture
(2–5 m l) was added to a 50 m l polymerase chain
reaction (PCR) reaction mixture containing ap-
propriate primer pairs. After PCR amplification,
the sequences were either cloned into a plasmid
vector and sequenced or alternately, the RT-PCR
products were sequenced directly. All sequence
data have been deposited in the GenBank se-
quence database (accession numbers: U70205–
U70208).

Sequence analyses were performed using the
program devised by the University of Wisconsin
Genetic Computer Group (UWGCG) (Devereux
et al., 1984). Consistent with earlier reports, the
M RNA of all LAC isolates examined contained
4526 nucleotides, with a single, long open reading
frame (ORF) in the viral complementary strand
(Grady et al., 1987; Huang et al., 1995). The
cysteine residues, except the one in the signal
sequence of G2, and five potential N-glycosyla-
tion sites were conserved among all seven isolates
of LAC virus (Fig. 1).

Table 2 summarizes the main features that
emerge from a comparison of the LAC M RNAs

Fig. 1. Deduced amino-acid sequences of M RNA genome of 7 LAC virus isolates. Alignment of the sequences was generated by
the PUBLISH program in the UWGCG package. Complete data are shown for LAC30928-31, the prototype of LAC virus. For the
other isolates, dots indicate identity with LAC30928-31 and amino acids which differ are given. The signal sequences of the amino
terminus for both G1 and G2, as well as the N-linked glycosylation sites (!) are indicated.
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Fig. 1 (contd.)

sequenced in this study. With regard to the hu-
man isolates, all of the nucleotide differences oc-
curred within the ORF. There were a total of 51
different sites affected, which corresponds to
98.9% nucleotide sequence conservation among
the three human isolates. In terms of amino-acid
sequence, there were no changes found in the first
13 residues which comprise the leader sequence.
In the region coinciding with G2, a single change
from T to I at position 242 was detected for both
LAC22988-89 and LACR56869. There is a single
change in the region corresponding to the non-
structural protein (NSM) for LACR56869,
whereas the region associated with G1 had 11

sites affected. Two of these sites were identical in
LAC22988-89 and LACR56869. Four other sites
were unique to the former and five were unique to
the latter. Thus amino-acid sequence conservation
among the three human isolates was 100% in the
leader sequence, 99.7% in the G2 protein, 99.4%
in NSM, and 98.9% in the G1 protein. On the
basis of these data and in view of the geographical
and chronological distances between these viruses,
it seems reasonable to hypothesize that there are
strong selection pressures operating with respect
to the ability to produce fatal human infection.

Assuming that the small proportion of LAC
infections with fatal outcomes are attributable to
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Table 2
Number of nucleotide and amino acid sequence differences with respect to the prototype strain of LAC virus (LAC30928-31)

Virus isolate Nucleotide Amino Acid

aa (1–1441) G2 (14–299) G1 (474–1441)Leader (aa 1–13)M RNA (1–4526) ORF (62–4387)

0 1LAC22988-89 20 20 67
710LACR56869 941 41

0 1LAC76-40 34 33 6 5
3 4LAC79-283 241 233 30 17

43 16LAC81-4 29244 236
3 33LAC74-32813 395 387 52 4

infection with a particular variant, we can visual-
ize at least two scenarios on how such infections
might arise: (1) the genotype in question could be
selected at some stage postinfection; or (2) the
genotype is present as one of many that are
naturally circulating and chance determines
whether someone is unfortunate enough to be
bitten by a mosquito carrying it.

The former hypothesis is not readily tested in a
natural setting, but there are laboratory data
which tend to argue against it. These consist of
the demonstration that the viral genome shows
great stability when passed from mosquito to
mouse, as well as when passed transovarially from
one mosquito generation to the next (Baldridge et
al., 1989).

An attempt to explore the second hypothesis
was initiated by focusing on some mosquito iso-
lates of LAC virus from Wisconsin that were
obtained in the same general time-frame as the
1978 fatal human case. As can be seen in Table 2,
LAC76-40, one of the three isolates examined,
had an M RNA sequence that closely correlated
with the viruses recovered from humans. Al-
though it was obtained 2 years before the 1978
human case, it came from a geographic area
almost midway between the sites of the 1960 and
1978 cases. LAC76-40 contained only two amino-
acid changes that were not reflected among the
human isolates, both in the G1 glycoprotein. One
of these was unique to LAC76-40 and the other
was found in all of the mosquito isolates, includ-
ing that from New York.

There were 13 nucleotide differences (99.7%
identity) between two Wisconsin mosquito iso-

lates LAC79-283 and LAC81-4, which results in
the prediction of three amino-acid changes. Two
of these predicted differences occur in G2 and one
in G1 glycoprotein. Both sequence data of
LAC79-283 and LAC81-4 showed homology of
94.7% to the prototype strain of LAC virus. These
two isolates and the mosquito isolate from New
York represent different genotypes of LAC virus
(Table 2).

Klimas et al. (1981) observed that the 1965
Spring Valley isolate, which was obtained from a
pool of Ae. triseriatus in the yard of 1960 fatal
case, was almost identical to the prototype virus.
However, the exact relationships and the number
of mutations were not clearly demonstrated. At
the very least, our finding in this study shows that
the genotype associated with human fatalities also
circulates in mosquitoes. Nevertheless, it does not
preclude that selection could also occur after in-
fection, nor does it provide any information on
whether other factors exist that could ameliorate
infection with this variant. These results do, how-
ever, suggest that augmenting surveillance for
LAC virus with sequencing might be useful and
that detection of this variant in a given locale
might justify particularly aggressive mosquito-
control measures.
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